Abstract-Advances in herbs based products preservation and technologies are very significant in order to reduce post-harvest losses. The dynamic mathematical model of concurrent heat and moisture transfer are being established for the simulation of temperature and moisture distributions inside the herbs material during dehydration potential of herbs in a slab-shaped solid. Mathematical modeling presents the exchange of heat and mass transfer between material and drying air. Finite-difference method (FDM) based on Crank-Nicolson was used to discretise a parabolic type partial differential equations (PDE). The key purpose of this study is to illustrate the simulation of tropical herbs' dehydration through some numerical methods such as Jacobi, Gauss-Seidel and Red-Black Gauss-Seidel. This study focuses on the implementation of sequential algorithms on the simulation. 3D geometric visualization by COMSOL Multiphysics and graphical numerical results of FDM approximation in mass and heat transfer demonstrate the results of this study. The contribution of this study is a flourishing and modified mathematical simulation in representing the concrete process of dehydration in herbs product based industry. Most thermal and moisture models are empirical rather than theoretical. Therefore, the novelty of this paper is the best sources of thermal and moisture data for the commercial tropical herbs dehydration derived from the mathematical model in order to avoid high prototype costs and to improve inaccurate conditions and process parameters with the advancement of dryer technologies. The computational platform is based on Intel®Core™2Quad processors with MATLAB software. The performance analyses of Numerical methods are presented in terms of execution time, computational complexity, number of iterations, errors, accuracy, and convergence rate.
I. INTRODUCTION
The potentiality of Herbal sector has been identified as the largest contributor to the growth of the Malaysian economy. Malaysian herbs are of superior quality and suitable for the local market. Malaysia has over 2000 plants that possess medicinal value. Demands for herbal products like Medicinal plants and herbs based products such as pegaga, kacip fatema, misai kacig (local name) for healthy, beauty and youngerness, are on the rise as consumers are becoming more health and beauty conscious. The Medicinal plants and herbs based products need to be processed to prolog their shelf life. Herbal producers therefore have to be aware of advances in Medicinal plants and herbs based products processing and post harvest technologies in order to efficiently reduce post-harvest losses. It is necessary to dry the herbs based products to a certain level after harvest. Drying removes the water or moisture from the herbs based products so that bacteria, yeast and molds cannot grow up and spoil the herbs products especially for the purpose of storage years and years. It is also used to reduce the cost or difficulty of packaging, handling and transportation. Simulation results and information of drying kinetics of herbs products such as drying rates, time-temperature-moisture content distributions, as well as theoretical and empirical approaches to moisture movement, is very essential for the prevention of quality degradation and for the achievement of fast and effective drying. A greater part of drying R&D efforts is reliable nowadays to the agricultural segments [10] . Nowadays, the use of technology has been a must in almost all of industries in Malaysia to improve their service and productivity in order to fulfill the customers' demands. Drying processes are widely used in herbs preservation but a scientific approach has not so widely been applied, so rather empiric rules are often used to set up industrial production, particularly in small-medium firms.
The core point of herbs drying process is water removal up to particular moisture content to prevent herbs from microbial spoilage and deterioration reactions and to increase the product shelf life [5] . It is a complex procedure relating concurrent heat and mass transfer phenomena. The formulation of sufficient mathematical models to optimize the process-leading can be enhanced product quality and a reduction in process cost. Improving speed and product quality requires a reduction in decision latency which decreases the amount time it takes people to share information and make critical decision, all along a value chain of suppliers, partners and customers. Selecting an appropriate drying model to evaluate the drying distribution is very important to get best prediction of drying kinetics. In the dehydration process, it is important to know the temperature and moisture dstribution in the material and its Some Numerical Methods for Temperature and Mass Transfer Simulation on the Dehydration of Herbs
Md. Rajibul Islam, Member, IACSIT and Norma Alias change during dehydrating; the presented mathematical model is able to predict this. The governing differential equations describing moisture content and temperature distribution were solved numerically. The mathematical model using PDE will be helpful to estimate the drying rate at any moisture condition of the material and to estimate drying time for particular task during dehydration of herbs based products. Computer program was developed to solve the set of finite difference equations.
Computer simulation is a powerful tool for achieving measurement of changes in temperature and moisture during dehydration process. Simulation results and information of drying kinetics of herbs material such as time, temperature, moisture content distributions, as well as theoretical approaches to moisture movement, is very essential for the prevention of quality degradation and for the achievement of fast and effective drying. Such information will be very useful to optimize production processes of herbs dried. The increasing development of computer program had a great impact on the quality evaluation of agricultural products. Invention of the computer also influenced the field of numerical analysis, since nowadays longer and more complicated calculations could be done. However, the objectives of this study are: (i) To derive simulation of moisture and temperature versus time in producing dehydration of herbs products based on convection-diffusion model using partial difference equation (PDE) and (ii) To provide some methods for solving the parabolic PDE equations; and to analysis performance of each method presented in terms of temperature and moisture content values.
The majority of thermal property models are experimental rather than hypothetical; specifically most of them are based on statistical curve fitting relatively than hypothetical derivations concerning mass and heat transfer study. Water is treated as a single, homogeneous part of the herbs product in modeling. It could be disagreed that the thermal properties of water in the herbs depend on how it is configured or "bound" within the product [6] . In fact of integration technologies in herbs production, it is necessary to simulate more often in order to control prototype costs and to simulate better in order to get process parameters with the needed accuracy. Hence, some modeling studies are essential on heat and mass transfer features to enhance drying conditions and process parameters [2] . The high contribution of this paper is successful modified the mathematical simulation in representing the actual process of dehydration in commercial herbs industry in terms of heat and mass transfer inside tropical herbs material.
Accuracy greater than 2-5 % is rarely required for most engineering heat transfer calculations performed in commercial herbs dehydration [6] . This happens because of the errors during wrongly considered boundary conditions such as the temperature and velocity of air would overshadow errors caused by imprecise thermal properties. One way to get the sources of thermal property data are prediction and simulation equations based on temperature and physical structure (density, size and configuration of void spaces). The originality of this study is to present greatest sources of thermal and moisture property data for commercial tropical herbs dehydration through heat and mass transfer equations based on temperature and moisture aspects to evade high prototype costs. It also can improve drying conditions and process parameters as well as evolution of dryer technologies with needed accuracy.
II. MATHEMATICAL SIMULATION MODELING
Drying kinetics can be modeled mathematically based on Fick's law of diffusion. The simulation of various product drying systems involves solving a set of heat and mass transfer equations. Maroulis et al. [9] described transport phenomena as follows:
i. Heat transfer : Convective heat (energy) transfer from the air to the food's surface (external heat transfer)
Conductive heat transfer within the food (internal heat transfer) and air,
ii. Moisture transfer : Moisture transport within the food towards its external surface (internal mass transfer)
The first drying process is heat transfer to the product from the heating source and the second is mass transfer from the interior of the material to its surface and from the surface to the surrounding air. The heat and mass transfer equations are presented in the model below are governed by the following PDE. In this model, the moisture transport arises by diffusion in only one direction; from the interior of the products to the air-sample interface, and evaporation takes place at the interface. Shrinkage of herbs products during drying is an noticeable physical incident, which occurs concurrently with moisture diffusion. These models had been presented by Md Azharul Karim and Hawlader [7] . To simplify the model, Md Zaharul Karim and Hawlader [8] were made the following assumptions:
i. Moisture movement and heat transfer are one-dimensional. No chemical reaction performs during drying, to be precise material, air and moistures' thermal and chemical properties are constant within the range of temperatures considered.
ii. The material becomes shrinkage after drying progresses. iii. Uniform distribution of air through the dryer. Mass transfer equation can be written as:
and similarly, the heat transfer equation can be written as:
With the following initial (IC) and boundary conditions (BC) of equation (1) and (2) and at x=b, heat balance is Discretization involved with the transformation of continuous differential equations into discrete difference equations is appropriate for numerical computing. A discrete form can be found by using FDM. Betta G., et al [4] , Amendola and Queiroz [3] , Tabrizi and Hamdullahpur [12] , Ahmet Kaya et. al. [1] , Md Zaharul Karim and Hawlader [7] [8] and Queiroz and Nebra [11] were solved their dehydration model using FDM.
In this study, Crank-Nicolson scheme was used to descritise the diffusion and convection terms for the equation (1) and (2) . Subsequently, some iterative methods were applied to solve both the equations. In order to simulate the mass and heat transfer numerically, the Crank-Nicolson FDM method was applied to discretise the equation (1) and (2). Wang and Brennan [13] , Md Zaharul Karim and Hawlader [8] , Ahmet Kaya et al. [1] utilized implicit Crank-Nicolson scheme with the numerical procedure in their experiments. The drying material is considered as a thin slab of thickness, L(2b) at a uniform initial temperature, T 0 and moisture content, M 0 according to Md Zaharul Karim & Hawlader [8] .
For this method, the simulated material (total thickness, L) are sliced up into Ni samples and the times (total duration T) are split into Nj samples: h=∆x = b/Ni and k=∆t = T/Nj. According to Crank-Nicolson schemes (where i, represents position and j, represents time), the derivative of diffusion term for the equation (1) and (2) can be written as;
And the derivations of convection term for both equations are;
The governing equations describing drying characteristics were solved numerically. Physical properties of the tropical herbs considered for the experiments, were adopted from Md Zaharul Karim & Hawlader [7] . A computer program was developed by MATLAB software to solve the set of PDEs.
A. Iterative Method
Iterative methods can be performed to system as many as 100,000 variables. These large systems arise to solve the PDEs. Starting from a primary guess, iterative methods form consecutive estimates that meet to the precise solution only in the limit. A convergence condition is stated in order to make a decision while an adequately precise solution has (expectantly) been found. There are many versions of iterative schemes for solving the PDEs, we focus the implementation of some popular iterative solvers here using some sequential programming, such as Jacobi, Gauss-Seidel, and Red-Black Gauss-Seidel Methods [14] . A brief description of each method is given below.
B. Jacobi Iteration Method (JB)
The Jacobi iteration method is attributed to Carl Jacobi. Jacobi iteration is a simple and fundamental point iterative method. Jacobi method computes the value of moisture or temperature by solving for each component of x in terms of others by
C. Gauss Seidel Iteration Method (GS)
The Gauss Seidel method is an enhanced version of the Jacobi method developed by the Carl Friedrich Gauss and Philipp Ludwig von Seidel. The Gauss Seidel (GS) method computes the value of moisture or temperature by 
ii) grid calculation at
For every method above, . Equation (1) and (2) was solved for the current moisture content,
IV. ALGORITHM AND PROTOTYPE
A. Procedure Figure 1 shows the flow of calculation to simulate temperature and moisture behavior inside herbs material during dehydration process. The item count represents the number of iterations taken to fulfill the stopping criterion. Meanwhile, round is declared as number of time step in order to get new i M and i T value. Intel®Core™2Quad processors with windows XP operating system and MATLAB R2008a software. An analysis of the some iterative methods are cosidered. In order to evaluate the capabilities and performance of those iterative methods of the sequential algorithm, numerical results are demonstrated in Table 2 those were obtained from the simulation of the data configuration. 
A. Geometric Visualization Of The Model Dehydration
The COMSOL Multiphysic software was used to visualise the 3D geometry of the heat and moisture transfer equation in solving the dehydration problem as shown in Figure 3 and The graphical numerical results of moisture content and temperature using JB,GS and RBGS are displayed below. Figure 5 shows the moisture distribution and Figure 6 shows the temperature distribution during dehydration. The both distributions were within the sample of tropical herbs material during drying at 40ºC with air velocity 0.3m/s. From the both figures presented above, observed the parabolic curve of the moisture content and temperature behaviour. For all the solution methods under consideration, show the moisture content and temperature were looks like constant because their changes were very little and became large different changes after 1440 seconds for moisture and 1620 seconds for temperature. At the beginning of the dehydration process the evolution was practically constant and uniform until the last period it started different. Even the simulation results did not seem much different for all the iterative methods, the performance of every method was different. The numerical analysis in the next section will proof that.
B. Performance evaluations
In this section, the results of Numerical analysis involved the study of some iterative methods of computing numerical data in tropical herbs' dehydration. The analyses of performances involve the convergence and the accuracy of the numerical simulation data. Table 3 shows the convergence condition for every iterative method in terms of time execution, number of iteration, computational complexity and convergence rate. It also shows, the accuracy method was determined by computing Root Mean Square Error (RMSE) between the new and the previous iterations. The formula is given as the following, 
C. Convergence Comparison
Convergence comparison among Jacobi, Gauss-Seidel and Red Black Gauss-Seidel iterative methods are made in terms of the execution time and the number of iterations that it takes to converge. In Figure 7 , the convergence in terms of execution time and number of iterations shows that either in mass or heat simulation, RBGS method performs faster than JB and GS methods. RBGS provides the lowest number of iterations and the shortest time of execution to converge followed by JB method and GS method.
The execution time depends on the number of iterations and computational complexity. Figure 7 shows that JB takes highest execution time compared to GS and RBGS in both simulations. During the simulation of moisture content through dehydration, JB needs 44 iterations more than RBGS to converge. While GS only needs more 5 iterations compared to RBGS. In contrast during temperature simulation, although RBGS gives the lowest iteration to converge, but the differences between RBGS, GS and JB are not so much than mass simulation.
Computational complexity refers to the number of arithmetic operations involved in numerical simulation. The computational complexity of each iterative method is increasing by the number of iterations. Table 3 shows, JB produced the highest number of operations in multiplication and addition. It is followed by GS and RBGS. The results also show that RBGS method has the fastest rate of convergence among other methods, those took under consideration in this study. RBGS has 0.48% faster than JB and only 0.06% faster than GS in terms of convergence rate. The results above proved that RBGS method is the alternative iterative method with the lowest computational complexity as well as the minimum time of execution, number of iterations and convergence rate.
D. Accuracy performance
The accuracy method was determined by computing root mean square error. The lowest value of root mean square error indicates the most accurate method. Absolute error also can describe the accuracy of each method. From the table 3, it is shown that RBGS provides smallest value of RMSE as well as absolute error.
VI. CONCLUSION AND DISCUSSION
A mathematical simulation model using the one dimensional parabolic equation regarding the moisture and temperature behavior of tropical herbs during dehydration has been presented. Three iterative methods such as Jacobi, Gauss-Seidel and Red Black Gauss-Seidel are studied. According to the Table 3 and Figure 7 , it is proved that the RBGS method is the best method to solve heat and mass transfer equation numerically followed by Gauss Seidel and Jacobi method. The results of numerical analysis such as time execution, number of iteration, computational complexity, root mean square error and rate of convergence has proved that this dehydration model is capable to simulate mass and temperature distribution through numerical method approach. Concerning the evolution of integration technologies in the production of herbs based products especially tropical herbs, it is necessary to simulate more often in order to avoid high costs and to get better process condition and parameters with the desirable accuracy. The contribution of this study is to successfully modify the mathematical simulation in representing the genuine process of dehydration at the herbs industry. It is also time consuming and capable to reduce the risk of real experiments in the actual process. The future contribution of this study can be the use of parallel algorithm to solve the model of dehydration. Parallel algorithm will improve numerical computation particularly while dehydration involves with huge data size. The computational time and complexity increase during huge data size simulation/calculation. Hence, parallel computation becomes an obligation.
